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SIMULATION MODEL OF A SINGLE-STAGE LITHIUM BROMIDE - WATER
ABSORPTION COOLING UNIT
by David Miao

Lewis Research Center

SUMMARY

The performance and load capability of a given LiBr —H20 absorption chiller oper-
ating with a hot-water heat source depends on six quantities: the inlet temperatures and
flow rates of the hot-water source, the cooling-tower water, and the return chiller water.
Based on this, a computer model for a single-stage absorption cooling machine has been
developed which does not require data relative to the interior characteristics of the ma-
chine (heat-~transfer rates and surfaces). The model considers both heat-transfer and
thermodynamic processes. It consists of two algorithms, one for the design, or refer-
ence conditions, and the other for the off-design analysis. It is constructed from the
steady -state equations but may also be used for the transient analysis of a cooling
system.,

The program can be used in an independent mode or as a subroutine, as for example,
with TRNSY'S, for the analysis of a cooling system. For a given size of machine the
model can be used to predict off -design cooling-system performance, the only input re-
quirements being a set of reference or rated conditions for the machine.

INTRODUCTION

The LiBr 'HZO absorption liquid chiller has been used in the refrigeration and air -
conditioning industry for some time. One of the primary reasons for using this type of
machine is that steam or hot water, whichever is available, can be directly used as an
energy source to power the machine, This characteristic is particularly attractive for
solar -cooling applications.

In a typical solar-cooling application, water heated through the passages of a bank
of solar energy collectors is used to power an absorption machine to provide chilled
water which in turn is used to air condition the building.



Typically an absorption chiller is designed to handle the maximum expected load of
the building, The design point thus represents a set of fixed operaiting conditions. How-
ever, the actual load varies with building heat-transfer characteristics as well as local
weather conditions. The design load may seldom be experienced. Since the chilled-
water temperature is likely to increase with decreasing heat load (part-load operation),
the chiller may be incapable of dehumidification,

An approach is, prior to machine selection, to simulate various loading conditions
through a computer model of the machine, The typical models available today are either
empirical (ref. 1), or based upon a thermodynamic approach. The former generally
represents a specific machine, and therefore its usefulness is limited; the latter is use-
ful for providing a set of design conditions to the machine manufacturer to determine the
size of an absorption machine.

A thermodynamic approach can be used for simulating various operating conditions
but such a model does not recognize limitations of the heat-transfer processes. A better
approach is to take both heat-transfer and thermodynamic processes into consideration.
Furthermore, if an existing machine is selected for a specific job, the heat-transfer sur-
faces in the machine are fixed but often not known, and therefore it will be difficult to de-
termine the capability of the machine over a range of operating conditions. The only
known inputs are three sets of inlet flows and temperatures to the machine: namely, the
flow rates and corresponding temperatures of the return chilled water, the cooling water,
and thé incoming hot water. The unknowns required to be established are the correspond-
ing outlet temperatures of the three flow streams. A computer model for handling this
type of problem is not generally available. The purpose of this report is to document a
method for modeling the system.

THERMODYNAMIC CYCLE

The thermodynamic cycle of the absorption machine is well known (refs. 2 to 4).
Figure 1 represents a typical arrangement of a single-stage machine, The machine bas-
ically consists of five heat exchangers called a generator, a condenser, an evaporator,
an absorber, and a solution heat exchanger. For a heat load imposed on the evaporator
E, the LiBr -H20 strong solution is pumped through the solution heat exchanger X to the
generator G. Heat energy is added in the generator G to drive out the refrigerant (in
this case, water is the refrigerant). The remaining solution is called the weak solution.
A portion of the weak solution is forced through the solution exchanger X and a pressure
reducing valve V1 back to the absorber A for the next cycle. To make a strong solu-
tion in the absorber A, the refrigerant leaving the generator G must also be brought
back to the absorber through a condenser-evaporator path, In the process, the refrig-
erant is first condensed by removing its latent heat in the condenser C; then in passing
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through an expansion valve V2, the pressure and the temperature of the refrigerant are
reduced. The refrigerant is evaporated due to heat load addition in the evaporator E,
The refrigerant vapor is then brought to the absorber A to be absorbed, When the heat
of absorption is removed, the strong solution is restored and the new cycle begins.

Most commercial machines are built on this basis, To simulate machine perform -
ance, a thermodynamic cycle analysis is used to perform heat balance calculations in
order to establish heat input and cooling requirement for a refrigeration load. Heat in-
puts and outputs of the machine are marked in figure 1. The solid arrow lines indicate
the direction of heat flow as well as fluid flow interior to the machine while the dashed
lines indicate heat or fluid flowing into or out of the machine., Figure 1 is used to con-
struct the thermodynamic portion of the machine model.

To perform such calculations, thermodynamic properties of the water and the LiBr-
H20 solution are also needed. Such information is readily found in reference 2 (the for -
mulas used may be found in appendix A).

HEAT -TRANSFER CONSIDERATIONS

The thermodynamic analysis determines the cycle temperatures and the required
heat flows for the five heat exchangers in the absorption machine as shown in figure 1.
For a given refrigeration load, the heat exchangers must be designed to satisfy the afore-
mentioned requirements. Once the heat exchangers are designed, the heat-transfer sur-
faces are fixed and heat transfer is limited by the surfaces provided in the machine,
Therefore, for all operating loads the performance of the machine is determined from
the actual heat-transfer surface areas,.

In terms of heat-transfer processes on the LiBr 'HZO solution side, the heat ex-
changers may be classified into two types: The solution heat exchanger X (fig. 1) which
deals strictly with sensible heat transfer is one type - and the other four: G, A, E, and
C (fig. 1) which involve latent heat are another type. Heat exchangers G and A deal
also with the heat of absorption, but since their heat-transfer coefficients are high and
their temperature profiles are fairly constant, the heat-transfer analysis is treated in
the same manner as those of exchangers E and C. The following equations (ref. 5) are
used for these four exchangers:

T, -T
EFFN=_1__"2 (1)
Tl. -T



EFFN temperature effectiveness of heat exchanger

T1 inlet temperature of heating or cooling medium
To outlet temperature of heating or cooling medium
T temperature of LiBr -HZO solution of refrigerant (water) undergoing evaporation,

absorption, or condensation process

To relate the temperature field to the heat transfer, EFFN is rewritten as

-UA/GC
EFFN=1-e p 2)
where
U overall heat-transfer coefficient of heat exchanger
A total heat-transfer surface
G flow rate of heating or cooling medium
Cp heat capacity of medium

Equations (1) and (2) are used to solve for the required outlet temperatures T2 's
of the four heat exchangers involving external fluid flows. Ideally, if all temperatures
and flow rates are given at the design load, equations (1) and (2) should resolve four
UA's for that machine.

To simulate various heat loads other than the design, the corresponding UA's must
be calculated from additional equations so that equations (1) and (2) can be used to obtain
the various outlet temperatures Ty's. However, the information about the heat -transfer
surface is usually not available and the UA terms are inseparable. Therefore, the
next equations are derived on the UA term basis.

Heat exchangers of this kind are typical shell -tube type. The cooling or heating
medium is usually on the tube side, and the refrigerant (water) or LiBr -HZO solution is
on the shell side, The heat-transfer process is governed by the mechanism of the fluid
flow on both sides and the tube wall thermal resistance. By definition U is written as

1l}-hiw+}1:+Rt+F (32)
where
hw tube-side coefficient due to forced convection
h shell-side coefficient
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Rt tube wall resistance
F sum of fouling factors on both sides

The R, term in formula (3a) is a function of the tube wall thickness and the mate-
rial of construction. Typically, its magnitude is very small because of low pressure
operation and the use of high conductivity copper based tube material.

The design or selected fouling factor F (ref. 6) is also rather small, The true foul-
ing factor varies with water conditioning and plant operation and cannot be established
without test data. Both Rt and F may be considered constant throughout machine
operation,

The h term, due to latent heat transfer, is very high for a good cost effective heat
exchanger design. The h value for boiling water or steam condensation may be on the
order of two to six times the forced convection coefficient h,, (ref. 7). Therefore, it is
not a strong factor on the overall heat-transfer coefficient U, which may be conveniently
written as

1

v () "”‘”

where R is the sum of the resistances (1/h) + R, + F.

Equation (3b) implies that U can be found if h,, is known.

To find h on the tube side, the following forced convection formula for turbulent
flow (ref. 7) is used:

0.4
NP _ (0.23) (DG )O' 8<Cp“> (4a)
k K

[17:98
where
D inside diameter of tube
K thermal conductivity
i} viscosity
A c flow area

Equation (4a) indicates that the change of h is sensitive to the changes of the flow
rate G (eight-tenth power function) but less dependent on the heat transport properties.
Furthermore, the fluid temperature variations for an absorption machine are rather
small, especially in a solar application; thus these temperature dependent properties
remain practically constant. Therefore equation (4a) may be rewritten as



h, oGO8

Since proportionality can be established, hw may be written as follows in terms of
a reference condition with the subscript 0:

h - <EG->O 8 - )

Up =hgg ("—_1 ) ®

1+ %oRo
By combining equations (3b), (3c), and (4b) and solving for U, we obtain
0.8/1+h_ R
U= <_Ci> <_____W0 0) U, (3d)
G0 1+ hwR

As long as the term h R is not substantially different from h oRg, the factor

1+ h,wORO)/(l + hwR) is approaching unity. If this term is assumed to be one, the ex-
pected error in U is 5 to 10 percent, Under the worst conditions, the error may be as
high as 20 percent. Therefore, equation (3d) may be reduced to

0.8
U=<£> Uy
G
0

G 0.8
UA = <G_> (UA)0 (3e)

or

0

Equation (3e) implies that, if a reference condition is known, the UA term at other
conditions can be found given the right flow proportions. To find a reference UA, equa-
tions (1) and (2) must be used and flow rates are referred to the reference condition, Us-
ing actual measured values in the aforementioned formulas instead of the machine design
values for the reference point is desirable wherever possible,

The second type of heat exchanger in the absorption machine is a liquid to liquid ex-
changer (exchanger X in fig, 1). This exchanger is placed in the absorption circuit to
improve cycle efficiency. It is also typical of a shell-tube type with a true counterflow
arrangement for better heat recovery. The strong solution (rich with water refrigerant)
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is pumped through the tubes and the weak solution flows across the tube bundles, with
flow deflecting baffles. As was pointed out previously, the heat-transfer rate is a strong
function of the flow rate. The strong solution flow rate is greater than that of the weak
one. To achieve a high heat-transfer coefficient on the tube side, it is natural for the
heat exchanger designer to place the strong solution in the tubes. In addition, the better
heat transport properties of the strong solution (more water content) aid in achieving a
high coefficient. The lower shell-side coefficient of the weak solution can be improved
by using spaced baffles.

Equation (4a) is used to calculate the tube-side coefficient. Equation (4b) is also ap-
plicable if the heat transport properties remain practically constant.

As indicated previously, equation (4a) or (4b) is applicable for turbulent flow. For
a true counterflow type of heat exchanger, or single-tube pass arrangement, the velocity
in the tubes may be reduced under some part load operation. H is possible the flow pat-
tern may shift into the laminar region. Then equation (4a) or (4b) would not be appli-
cable, and the formula for laminar flow (ref. 7) would have to be used.

Since this report is concerned with the simulation of a previously designed machine
without knowing the interior arrangement of the heat-transfer surface areas, the laminar
formula, even if it is available, is probably not useful for model construction. How-
ever, it is reasonable to assume that the turbulent flow formula is used for calculating
the tube-side heat-transfer coefficient. In these machines, the heat exchanger with
longer tube lengths (thus small flow area and high velocity in the tube) is commonly seen
in commercial machines.

The formula for the shell-side coefficient (ref. 7) may be written as follows because
the heat transport properties remain practically constant:

0.6 0.3
h D D : :
gD _ o 5 [ D& (ucp)

K HAcross K
or
By« G ® (5)
where
D e equivalent diameter
h oW coefficient of weak solution flow rate
A CroSS flow passage area measured along shell inside diameter

Unlike the tube-side formula, equation (5) is not restricted by the turbulent flow.
The shell -side coefficient can be increased by means of closer baffle spacings.



Therefore, it is reasonable to assume that the weak solution with less flow rate is on the
shell side.

The relation between the overall heat transfer and the individual coefficients is the
same as that of equation (3a). In this case the controlling resistance is on the tube side
because of the single tube pass arrangement. The magnitude may be on the order of the
shell-side coefficient. Since heat-transfer coefficients on both sides are poor, the mag-
nitude of (1/hw) + (1/h) in equation (3a) is much larger than that of R, and F (perhaps
10 times larger); therefore, R, and F are neglected and equation (3a) may be re-
written as

1.1 .1 (62)
UX hgs hg‘W

where

x refers to solution exchanger
gs refers to strong solution

gw refers to weak solution

For a referenced condition, equation (6a) becomes

1 _ 1 + 1 (6b)
UxO hgsO thO

Once again for a given machine, where the interior construction of the machine is
not known, equation (6b) cannot be solved without making assumptions., If hg s0 and

thO are assumed equal, equation (6b) becomes

h

hgsO =

By combining equations (7) and (4a) or (5), hgS and hgw can be obtained for other sim -
ulated conditions; specifically

Gs 0.8 <GS>O.8( | "
h = —= h = — 2U 8
gs gs0 0
GrsO GrsO
Gw 0.6 Gw 0.6 , | o
h = h ={ — 2U 9
gw gw0 0
GwO GWO



Then substituting equations (8) and (9) into equation (6a) and rearranging the terms yield

1 (10)

0.8 0.6
(Gs0> GWO
—_— | —
A Gs GW )

Since the heat-transfer surface area is fixed, equation (10) may be written as

U, = (U

XO)

(UA), = 2(UA)_, o 1 — (11a)
Gs0) +<Gw_0> '
L G'S GW

Equation (11a) again shows that the overall heat-transfer rate at any other condition
can be established through a known reference condition (design or test)., Equations (8)
and (9) can also be extended to include the property corrections if better accuracy is de-
sired. The heat transport properties except thermal conductivity may be found in ref-
erence 3. For thermal conductivity values for various LiBr —H20 solutions, a fraction of
water conductivity proportional to water concentration are suggested. In general these
effects on heat-transfer coefficients are small and will not be taken into consideration at
this time.

The aforementioned equations were derived on the assumption that hg S0 = hng; the
assumption appears valid because (1) the fluid properties on both shell and tube sides are
similar and (2) the flow rates are not substantially different within the operating range of

the solution concentration. However, if hgso is substantially different from hng’
equation (11a) may be generalized as
- -
_ 1
(UA), = (FI)(UA)o| - - (11b)

0.8 0.6
G_.\0- G
(-S_O + (F2) <_Wg>
| Gg Gy

-~



where, for example,

thO = hg’WO Fl1=2 and F2=1
thO = 1.5hw0 F1=2.5 and F2 =2/3

Equation (11b) may be useful to experimentally determine the actual values of F1

and F2 for use in the program for a given machine.
Equation (11a) or (11b) can be solved if (UA)XO is known or may be found from a
given set of the design temperatures. The effectiveness is given in terms of the tem -

peratures (refs. 1 and 4) as

T -T
EFFNX = 8 9 (12)
T, - T,

where

T g temperature of generator

T 5 outlet temperature of weak solution

T a temperature of absorber
In general the exchanger is designed with the effectiveness EFFNXO =0.7 to 0. 8.
If T5 in equation (12) for the design load is not known, the relation between EFFNX0

and Ty, may be established by heat balance (ref. 1).
When EFFNXO is found together with flow rates GSo and GWO and the solution
heat capacities C S0 and CWO’ then (UA)XO is calculated from the following equation:

-NTU, [(1 - (Cmin/cmax)]

l-e
e 1 - <Cmin > e'NTUx [1 ;(C;nin/cmax)] 19
Cmax
where
NTU, (UA)X/Cmin
min Grwcw
Cmax GsCs
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Cw heat capacity of weak solution

C s heat capacity of strong solution

The subscript 0 used previously has been deliberately omitted in equations (12) and
(13) for the purpose of generalization. Then C . = (GWCW) and Cmax = (GSC s) be-
cause Gw < Gs and CW < Cs for LiBr—H20 absorption machine, The (UA)xo is solved
implicitly in equation (13).

OTHER CONSIDERATIONS

The equations derived in the previous section together with the thermodynamic equa-
tions discussed in the section THERMODYNAMIC CYCLE are the working formulas for
the five heat exchangers to be used in the construction of the simulation model. In addi-
tion to these formulas, heat losses, pump capacity, operating range of the solution con-
centrations, and operating temperature limits should be included. Unfortunately machine
construction does vary with the design approach of different manufacturers, and the con-
struction information is usually not available. It is difficult to generalize all the limit-
ations to be accommodated by the model. Nevertheless, some of the important consider -
ations that should be taken into account follow,

Heat Losses

The heat losses vary with the specific design and the ambient environment in which
the machine is installed. Heat may leak out of or into the machine, and between the
partition shells separating the heat exchangers in the machine. The result is that addi-
tional heat supply is required to accommodate these losses. To account for these losses,
a simplistic approach is to add a fixed percentage to the heat supply. A few percent may
be sufficient for the type machine considered herein. The thermodynamic equations
(appendix A) may be modified as follows:

Qg = (G, Hg - GHy + GRH)(FGQ) (14)
Qg = Gg(H, - Hy) |1 + _QG—Q (1 -Fog) (15)
+ g
Qu = (G Hy - G.H, + GgH ) 1+ _ % (1-Fog) (16)
Qg +

11



where

FQG multiplication factor

FQG =1 (no heat loss considered)

F = 1.02 (equivalent 2 percent loss)

QG

Solution Pump Capacity

Normally the pump capacity is chosen to meet the design load. For part load oper-
ation, the required flow rate may or may not exceed the maximum capacity. For a par-
ticular load demand, if heat source temperature is low and/or the cooling water temper -
ature is high, the machine, based on the thermodynamic cycle analysis, tends to demand
more solution flow, Since the flow control is not known and varies somewhat with differ -
ent machines, it is assumed that the solution flow rate cannot exceed the capacity of the
design point,

Concentration of the LiBr —H20 Solution

For an absorption process to exist in operation, there are limits on the solution con-
centrations. If the concentration is too rich, crystallization will occur. If the concen-
tration is too lean, no absorption process will occur. Reference 2 suggested that the
concentrations should be kept within 0.5 to 0. 65 range. For this model a range from
0.4 to 0. 68 has been used.

Temperatures and Temperature Differences

The temperature limitations, like the solution concentrations, are set for the oper-
able absorption process. Usually these are the outlet temperatures of the external fluids
in heat exchanger G, C, A, and E (fig. 1). The limits of these temperatures have been
placed in the program (see appendix B),

In addition to the temperature limits, the temperature difference across the heat ex-
changer surfaces are also limited by the heat-transfer processes. In general the tem-
perature differences between the two heat exchange mediums at outlet condition will be
used for setting the limits (see appendix B).

When the aforementioned limits and the concentration limits are properly set, the
solution heat exchanger temperature as well as the pressure limits may be neglected.

12
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MODELING ALGORITHM

With the necessary equations and the limiting conditions established, the next step is
to formulate an algorithm for computer operation. The desired solution for a given set
of inputs is the one that achieves the lowest possible outlet temperature of the chilled
water. The heat balance is not only required to satisfy the thermodynamic analysis but
also simultaneously satisfy the heat exchanger equations,

The model consists of two different algorithms. One part is used to solve for the
reference or design conditions. Another part is used to solve for the off -design condition
based on the established reference condition. The second part is simply to perform an
internal heat balance to establish the corresponding outlet temperatures of the three flow
streams, namely hot water GH, cooling water GC, and chilled water GE. The calcula-
tion sequence for this part is first outlined as follows:

(1) Input GH, GC, GE, TH1, TAl, TE1 and an off-design tonnage, (see fig. 1).
(2) Calculate flow rate per ton for flow GH, GC, and GE.

(3) Calculate effectiveness (eq. (2)) for exchanger G, C, A, and E.

(4) Calculate TE2, TE, TH2, and TG.

(5) Calculate TC2 with an assumed COP.

(6) Assume TA.,

(7) Calculate TC.

(8) ¥ TA or TC exceed limits, change tonnage.

(9) Calculate TG, TC, TA, and TE with newly assumed tonnage.

(10) Calculate solution concentration.

(11) If X1 or X4 exceeds limits, change tonnage.

(12) Calculate enthalpies H8 and H10 of refrigerant at outlets of condenser C

and evaporator E, respectively.

(13) Calculate refrigerant flow GR and solution flows GS and GW, respectively.

(14) Calculate effectiveness EFFNX of solution exchanger.

(15) Calculate two outlet temperatures T3 and T5 of solution exchanger.

(16) Calculate refrigerant enthalpy H7 at outlet of generator G, weak solution

enthalpy H5 at outlet of solution exchanger X, and strong solution enthalpy
H, at outlet of absorber A,

(17) Calculate generator heat QG, condenser heat QC, and absorber heat QA.

(18) Calculate COP.

(19) If TA is not agreeable with assumed value, adjust TA to suit.

(20) ¥ COP is not agreeable with assumed value, adjust COP to suit.

(21) Check temperature difference limits.

(22) Check pumping rate limits,

(23) Check concentration limits.

(24) Force tonnage to maximum,

13



(25) Check chilled water outlet temperature TE2 at set point.

(26) Calculate pressure PE and PC,

To establish the reference conditions, several of the aforementioned indicated steps
are repeated, The algorithm used depends upon the information available,

If all the design or reference temperatures are given but the flow rates are not,
steps (10) to (18) and step (26) are repeated. The flow rates and all reference (UA)'s
are the calculated outputs. The effectiveness of the solution heat exchanger can be cal-
culated from the known temperatures (eq. (12) as an input to the program).

If all three external flow rates are known instead of their outlet temperatures,
steps (1) to (18) and step (26) are repeated. In this case the corresponding outlet tem -
peratures are determined,

If the outlet temperature of the solution heat exchanger T5 or its effectiveness is
not given, an assumed effectiveness must be used as an input until a rated reference ton-

nage is found.

PROGRAM DESCRIPTION

The computer program was written in FORTRAN IV language. It can be used as a
subroutine to simulate the absorption machine performance in a cooling system. Al-
though the equations derived are steady-state type, no restriction is imposed for use in
the transient analysis of a cooling system. -

When used as a subroutine, the program may have to be modified to accept a set of
the design or the test conditions, The flow rates and the inlet and outlet temperatures of
the three external fluid streams are system connected to run the simulation. If addi-
tional outputs such as heat loads, COP, and operating pressures are required, they may
be system linked or printed out for analysis.

When used as an independent program, the first case is treated as the reference
case. The program calculates additionally needed reference values and stores these
values automatically in the program. Starting with the next case, the user inputs as
many off -design cases as are desired. NAMELIST input is used in the program.

All tolerances for the limitation conditions discussed previously have been prestored
in the program but can be changed as desired. The units system used to perform the cal-
culation is metric but provision to use British units for inputs and outputs is included.
Changing either the units or the tolerances shall be discussed in the next section and

appendix B.
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OPERATION OF THE PROGRAM
Use as a Subroutine

If the program is used as a subroutine, the reference data and program controls
must be inserted as data statements or their equivalent by the user. The required data
are UAGO, UACO, UAEO, UAA0Q, UAX0, GSO, GW0, and TONO. The controls are FQG,
METRIC, KLBHR, and JWRITE (see appendixes B and C).

The input variables are currently placed in an array called XIN. These variables
(listed in order), are GHT, GCT, GET, TH1, GAl, TE1l, and TONX (see appendixes B
and C).

The output variables are arranged in an array OUT. These variables are GHT,
GCT, GET, TH2, TC2, TE2, and TON, If additional outputs such as COP, PC, and PE
are required, the user may place these variables in the additional locations of array
OUT (see appendixes B and C).

Use as the Main Program

If the program is used independently, the reference data must be calculated from
this program based upon the available design or experimental informations. The input
variables in this case will be TH2, TA2, or TC2, TE2, TH1, TAl, TEl, TG, TC, TA,
TE, TONO, TONX, KLBHR, METRIC, and JREF (see appendix B and fig. 1). TONX is
the initial guess of the actual load. The data are entered via a NAMELIST read and are
for reference case. The NAMELIST name is REF., The first tabulated output will be the
results of the design conditions and the table is identified with a case marked 0.

To run other cases with fixed heat-transfer surfaces (the same machine), additional
cases are placed in the run stream with a NAMELIST name of VAR, As many cases as
desired can be run. The input for these cases are GH, CC, GE, TH1, TAl, TEl, and
TONX (see appendixes B and C). The outputs are tabulated as before, and the case is
identified with a case number greater than 0.

The convergence is controlled by KTA, KCOP, KTONI, and KTON2, If the number
of the iterations is excessive, the output may be incorrect. The user must examine the
results to decide whether he should increase the number of iterations, or discontinue his
run because of exceeding machine operating constraints,

The tolerance controls for the temperatures and concentrations are currently pre-
stored in the program (see appendixes B and C). The values may be changed to suit the
user's purpose.

15



SAMPLE CALCULATIONS

Two sample computer printouts are included to demonstrate the use of the program
in appendix C.

Sample 1 shows that, for a given set of the design conditions, the program not only
finds the correct design load but generates the results for the off-design loads as well.

The absorption machine used in the sample calculations is a TRANE model C1H
(ref. 6). This model was designed for a nominal rated tonnage at 174 tons. The print-
out table (case 0) shows that the calculated tonnages agree with the design load. The out-
put of this case is then stored in the program as the reference data of the machine to be
used for the off-design runs.

A total of 130 off -design cases (the off-design loads and operating conditions in
table 2C1H of ref. 6), have been run with the program. Most of the calculated tonnages
agree with the data in reference 6 within 2 percent and generally are slightly greater
than the table values (two typical cases are shown in appendix C). In some of the cases,
however, the calculated values are high by 9 percent. These cases usually are asso-
ciated with the extremely high or low outlet temperature of the chilled water. All cases
were run on the assumption that the nominal design flow rates were chosen to establish
the rated table values. If these flow rates are not nominal but varied within the design
range, the program calculated tonnages can be brought to agreement with those tables
indicated.

Sample 2 was intended to show that, with minor changes, the program can be used
as a subroutine in a system program. In this case the system program is TRNSYS
(ref. 1). Sample 2 is a solar assisted building cooling system modeled with TRNSYS

program (see appendix C).

CONCLUDING REMARKS

A computer model of a LiBr -HZO single ~stage absorption machine has been devel -
oped. By utilizing a given set of design data but without knowing the interior character -
istics of the machine, the off-design performance can be simulated or evaluated. Al-
though the model is not validated experimentally, it can be a useful tool for analyzing the
capability of a given machine, or for studying the machine performance in a cooling

system,

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, May 16, 1978,
776-22.

16



APPENDIX A

SYMBOL LIST, THERMODYNAMIC FORMULAS,

AND EQUATIONS FROM REFERENCE 1
Strong concentration (X1 > 0.5):

- (49.04 +1,125 TA - TE) kg LiBr

X .
(134.65 + 0.47 TA) kg solution

Weak concentration (X4 < 0. 65):

X4 = (49.04 + 1.125 TG - TC) kg LiBr
(134.65 + 0.47 TG) kg solution

Enthalpy of condenser outlet:
H8 = (TC - 25) kecal/kg
Enthalpy of evaporator outlet:
H10 = (572.8 + 0.417 TE) kecal/kg
Refrigerant flow:

GR=__9QE kg
(H10 - H8) hr

Strong solution flow:

GS-GrR_>4 kg

X4 - X1) hr

Weak solution flow:

GN=GR =l kg
(X4 -X1)  hr

17



Heat capacity of strong solution:
CX1=1.01 - 1.23(X1) + 0.48(X12  kcal/(kg)(°C)
Heat capacity of weak solution:
CX4 = 1.01 - 1.23(X4) + 0.48(X4)2  keal/(kg)(°C)
Outlet temperature of weak solution
T5 = TG - (EFFNX)(TG - TA) °C

Outlet temperature of strong solution:

T3 = TA + (EFFNX) [ 21} (€X4\ (¢ -TA) °C
x4) \cx1

Enthalpy of absorber outlet:
H1 = [42. 81 - 425.92(X1) + 404, 67(X1)% ] + [1.01 - 1.23(X1) + 0. 48(x1)2|(TA)
Enthalpy of weak solution at heat exchanger outlet:
H5 = [42. 81 - 425. 92(X4) + 404. 67(x4)2 | + [1.01 - 1.23(X4) + 0.48(x4)2 |(T5)
Enthalpy of refrigerant at generator outlet:

H7 = (572.8 + 0.46 TG - 0.043 TC) keal /kg
Condenser heat load:

QC = (GR)(H7 - H8) keal/hr

Generator heat load:

QG = (GW)(H5) + (GR)(HT) - (GS)(H1) kecal/hr

18
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Absorber heat load:
QA = (GW)(H5) + (GR)(H10) - (GS)(H1) keal/hr

Coefficient of performance:

cop =
QG

Evaporator heat load:
QE = 3024.0 kecal/hr

Evaporator pressure:

4
PE = antilog,, 7.8553 - — 1990 . 11.2414x10 mm Heg
Condenser pressure:
1555 11. 2414x10*
PC = antilog10 7. 8553 - - : mm Hg

TC +273.15  (pc 4 273.15)2
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SYMBOL LIST FOR HEAT -TRANSFER CALCULATIONS IN COMPUTER PROGRAM

APPENDIX B

Flow rates, gal/min, 1b/hr, kg/hr

GH
GC
GA
GE
GR
GW
GS
Temperatures, 0F, °c

TH1, TH2

TC1, TC12, or TA2
TC12, TC2

TE1l, TE2

TG

TC

TA

TE

(Hot water supply)
(Cooling water supply)
(Cooling Water supply)
(Returning chilled water)
(Refrigerant - water)
(Weak solution)

(Strong solution)

(Inlet and outlet conditions of GH)
(Inlet and outlet conditions of GA)
(Inlet and outlet conditions of GC)
(Inlet and outlet conditions of GE)
(Generator)

(Condenser)

(Absorber)

(Evaporator)

Heat -transfer rates, Btu/(hr)(°F), cal/(hr)(°C)

UAG

UAC

UAA

UAE

UAX

First digit
Second digit
Third digit

20

(Generator)

(Condenser)

(Absorber)

(Evaporator)

(Heat exchanger)

Overall heat-transfer coefficient
Overall heat-transfer surface

Component symbol



Number of heat-transfer units

NTUG
NTUC
NTUA
NTUE
NTUX

(Generator)
(Condenser)
(Absorber)
(Evaporator)

(Heat exchanger)

Heat-transfer effectiveness

EFFNG
EFFNC
EFFNA
EFFNE
EFFNX

(Generator)
(Condenser)
(Absorber)
(Evaporator)

(Heat exchanger)

(A digit 0 following aforementioned symbols signifies a reference or a design condition
being used. A digit T following aforementioned symbols and symbols in appendix A
signifies total quantities. )

TONO
TON
TONX
COPX
TAX
GSC1
GwWC4
CRATIO
EXPX

(Reference refrigerant tonnage)

(Tonnage calculated)

(Tonnage variable)

(COP variable)

(T A variable)

(Product of strong solution flow and heat capacity)
(Product of weak solution flow and heat capacity)
=GWC4,/GSC4

(Exponential function for heat exchanger)

Controls and limits

METRIC
KLBHR
JWRITE
KTA
KCOP

(Input to be metric units > 0)
(Input to be Ib/hr > 0)

(Write output > 0)

(TA converging cycle = 50)
(COP converging cycle = 50)
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22

KTON1 and KTON2
ACONST = 1.0°C
BCONST = 1.296° C
CCONST = 1.425° C
DCONST =1.919° C
TELO - 2.22° C
TE2SET =4.43° C
COPHI = 0. 93
COPLO = 0. 60
FQG=1.0

EFFNX = 0.71428

(TONX converging cycle = 100)
Limits of (TE2 - TE)

Limits of (TA - TC12)

Limits of (TC - TC2)

Limits of (TH1 - TG)

(Lowest temperature limits of TE)
(Lowest temperature limits of TE2)
(Highest limits of COP)

(Lowest limits of COP)

(No heat loss added)

(Initialization of EFFNX)

-



APPENDIX C
SAMPLES 1 AND 2 WITH PROGRAM LISTINGS

Sample 1: LiBr -H20 Single-Stage Absorption Machine Used as a Main Program

1% o USE THIS TO EVALUATE OQUTPUT OF AN ABSOPPTION MACHINE WITH FIXED ~=-UA-~-
2% Cc ALL WATER SPECIFIC HEAT & DENSITY ASSUMED TO BE =-=-1.0-- EXCEPT HOT WATER
3% DIMENSTION XINCIO)PARCLII) 4XNTULB) ,EFFNI(6)
4 DIMENSION XE6)YsYUO6)yGIN(3)
Sx% DIMENSION TONGVN(160),TONCAL(160)
&% C
7% C-=METRIC=J,RRITISH UNITS USEDe~==-emeewea JHRITEZ]1 WRITE ALLJWRITE=ZG NO WRITE
8 o KLBHR=(,GPM FOR FLOW INPUT,==--=-KLBHRZ-1, LBS/HR INPUT
9% DATA METRIC/O/ KLBHR/D/,JWRITE/1/
10% DATA PDKC/ 4536/
11=% DATA TFTC1/7324/4,TFTC2/1.8/
12% DATA CALBTU/3.96831/
13% C
14% C
15% C CONST1 & CONST4 ARE CONCENTRATION LIMITS
16% DATA CONST1/0e4/,CONSTU4/(o 68/
17% C A-B-C-D-CCNST ARE LIMITS FOR EVAP.y, ABSORPasy COND+,& GENERATOR
18x% DATA ACONST/1./,BCONST/1,296/,CCONST/1,423/,0CONST/1.915/
19 C
20 DATA TELO/24¢22/7,TE2SET/4443/
21% C COP LIMITS -==HEAT LCSS FACTOR
22% DATE COPHI/De93/7,COPLO/NGET/4FQG/1.00/
23% C EFFNXZNN.T72428 FOR TS&z135 F EFFNXZ(TG=TS5}/(TG-TA)
24 DATA EFFNX/0.71428/
25% C
26% DIMENSION XINRSV(1ID)
27% DIMENSION B8JTE2(4)
28% DATA AJTE2CL1),AUTE2(2),AJTE2(3),AJTE2(4} / 3HTH1l , 3HTELl ,
29% 1 3HTHZ 4 3HTEZ2 /
3% DIMENSION AJREF(2)
31 DATA AJREF(1)4AJREFL2)/ 3HTCZ2 , 3HTAZ /
32% DATA JTEZ /7 0L /
33 DTILIMZC.25
34% DTLIM=C.]
35% NAMELYST /REF/ TH2,TA2,TC2,TE2,4TH1,TA1,TE1 4TG,TC,TA,TE,TONL,
36% 1 KLEHR,METRIC4JREF.CONST1,CONSTY ,ACONST,BCONST,CCONST,DCONST,
37 2 COPHT,COPLO,FQG,EFFNX, TELO,TE2SET
38% NAMELIST /VAR/ GHoGCoGE s TH1,TAL 4, TEL1,TONXY,JTEZ2sTE2,TH2,LVAR
39x% C
40% €C JREFZD,RUN NO REF, =JREFZ1,TC2=XIN(2).-~JREFZ2,TA2 OR TC12=XIN(2)
41x% 300 READ(S,REF)
42% LVARZN
4 3 XINCLYI=THZ
44 IF(JREFLEQe1) XIN(2)=TC2
4 8% IF{JUREFLEQ.2) XIN(2)=TA2
4 6% XIN(3)=TE?
4 7% XIN(G4)=THIL
4R% XIN(5)=TAL
49% TC1=7A1
SO% XIN(H)ZTEL
S1* XIN(T)=TG
52% XIN(B)YZTC
g3 XIN(S)=TA
Sy XINCID)=TE
56% D6 3462 I=z21,1C
56% XINRSVII)ZXINI(I)
ST* 302 CONTINUE
S8 TC2RSVZTC?2
59% TAZRSVITA?
60 * KERRORZ=D
E61x% c
6 2% C
63% C
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64*
65%
66%
67
68%
69%
70%
Tix
T2%
73%
Tyx
T5%
T6%
TT%
78%
ToO*
ap=*
81x%
82%
83%
8ux
85%
8 6%
87%
88%
89%
90%
91%
92%
93x%
Sy%
95%
96%
9 7%
9 8%
99%
100%
101*
132%
103*
104x*
105%
136%
107%
108%
109%
110%
111%
112%
113%
114%
115%
116%
11 7%
118%
119%
120%
121%
122%
123%
124
125=%
126%
127%
128%
129%
130%

24

o
C

o

sl gNe]

7

990

IF(METRIC.GT.C) TFTClz=N.D
IF(METRIC.GT.0) TFTC2=1.0
IF(METRIC.GT.C) PDKG=Z1.0
IF{METRIC.GT.0) CALBTUZ1.D
IF(METRIC«GTALC) BPH=Z1l.D

BPH=SDD 0
IF(KLBHR.GT () BPH=Z1,0

IF(JUREF«GT.0) &0 70 19
CONTINUE

m—————— UA VALUES ARE PER TON
TONR=TON

GSO=GS*PDKG

GWO-GW*PDKG

GHO=GHT

GED=GET

6CO0=GCT

PAR(1)-UAG%PDKG
PAR(2)ZUAC*PDKG
PAR(3)-UAE*PDKG
PAR(U)I=-UAAZPDKG
PAR(S)I-UAX®PDKG
UAXB=PAR(S)

INPUTZL

CONTINUE

JREFzZD
READ(S,VAR,L,ENDZ999)
XINCL1)=GH

XIN(2)=GC

XIN(3)}=GE
XIN(4Y)=THL
XIN(S5)=TAL

TC1=TAl

XIN(6Y=TEL
XIN(TYZTONX
GESAV-XINI3)
TE2SAV=TE2
TH2SAVZTH?
KERRORZ=D

TON IS AN ASSUMED VALUE T0 S
TONX=XIN(T)
TONREF-TONO%[D .S
TONMINZTONO%C.1
TONMAXZTONDC®1,2
IF(XINI(7).LE+TONREF) TONX=Z

CONTINUE

KGC=Q
CONTINUE

----- FLOW PATES ARE PER TON
PER TON BASIS

QE=3023.9573
H1=D.

HS:DI

HT=C,

HSZDD

H1C=0.

TONZ3.0

KTON1=0

KTONZ2Z=O

KTONX=Z~-1 )

BASIS~~~

TACT

TONREF

BASIS



131=%
132%
133x%
134%
135=%
136%
137%
138%
139%
143 %
14 1%
142%
143%
144x%
145%
l46%
147%
1u8x%
149%
150 %
151
152%
15 3x%
154x%
155%
156%
157%
158%
159%
160x%
161
162%
163
164
165x%
166%
167%
168x%
169%
170=%
171%
172%
173
174
175%
176%
177=x
178%
179%
1R0*
181 %
182=%
183x%
1843%
185%
186%
187#
188%
189
190
191=%
192%
193%
194
195
196
197

[N al

11

le

20

XU4zZBe67

X1=C.81

IWRITF=C

CONTINUE

COPX=za.722

TF(COPXeLFeCOPLOORCCOPXGECOPHI

KCoPz=D

CONTINUE
GHZXIN(L1) /TONX*PDKG*EPH%3.975
GC=XIN(2)/TONX*PDKG*BPH
GEZXINC3)/TONX®=PDKG*BPH
THIZ(XINCY)=-TFTCLI/TFTICZ2
TCIZU(XIN(S)=-TFTCL}/TFTIC2
TE1IZ(XIN(e)-TFTCL)/TFIC2

TE2SVMZUTF2SAV-TFTC1)/TFTC2

TH2SVMZ(TH2SAV=-TFTICL1}/TFTIC2

IF(JREF«EQ.O0) GO TO 20
THZ=(XIN{1)=TFTC1l)/TFTC2
TA2ZUXINCZ)=-TFTC1)/TFTIC2
IF{JREF.EQe2) TC1l2z=TA2
IFCUREF.EQe1) TC2-TAZ
TE2ZUXINC3)=TFTIC1}/TFTC2
TGZU(XIN(T7)=TFTYC1)/TFTC2
TCZU(XIN(R)-TFTC1)/TFTIC2
TAZ(XIN(O)Y-TFTICL1}Y/TFTC2
TEZ(XINCIO)-TFTC1)/TFTCZ
G0 T0 21
CONTINUE

COPX=DaT722

ASSUME TUBE SIOE WATER FILM COEF. IS CONTROLLING

GHI=Z(XIN(1)/GHO}*%0.8
SC1=(XIN(2})/GCO1*%]T .8
GEIZ(XINI3)/GEC)I**D.8

TOTAL BASITS IN METRIC UNITS
SINUL)ZGH/GH1I®TONX
GIN(2)=6GC/GCI%TONX
GIN(3)Y=GE/GE1%*TONX

DO 10 I=Z1l.4
XNTUCT)I=PAR(IDI/GIN(I}*1.0%«TONC

IF(I«EQat) XNTUCT)IZPARIII/GINEZ) %TOND

IF(XNTUCI) «GE . 1Ce) GO TO 8
EFFAM{T)Z1«C-EXP(-XNTU(1))
GO T0 1€

CONTINUE

EFFN(I)IZD.999

CONTINUE

TE2=TE1-QE/GE
TH2=TH1-(0QE/COPX)/GH

FOR CHECKING TRANE TABLE FIGURES ONLY
IF(JTF2.LFe T ) GO TO 673
TE2=TEL
TH2=TH1
TE2=TE2SAV
TH2=TH2SAV
TE2ZTF25VM
TH2=TH2SVYM
TE1=TE2+QF /GE
THIZTH2+(CE/COPYX) /GH
CONTINUE

TEZTE1=-(TF1=-TE2)/EFFN(3)}

TE2 +TH2 KNOWN INSTEAD
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198% TG=THI=~(TH1=~TH2)/EFFNI1)

199% TC2=TC1l+¢(1,0+1.0/COPX)%*QE/GC
23N% C ASSUMED A VALUE FORP TA

201%* TA2Z(TC1+TC2)%0.5

262% TAZTC1=(TC1=~TAZY/EFFNI(Y)

203% KTA=D

20 4% 15 CONTINUE

205% TCoTC2/EFFN(2)~(10/EFFN(2)-1,0)%(TCI+EFFN(U4)I%(TA=TC1))
206 IF(TC.LE.TA) GO TO 40

207% IF(TELGEL.TA)Y GO TO 41}

20 8% IF{TC+6E.TG) GO TO 41

209% C

210% 21 CONTINUE

211% XYZHUO LU +]e125%TA~-TE) /{130,654 ,47%TA)
212% XU (849 UlU+1e125%TGC=TCI/U134.6540¢4T7%TG)
213% IF(X1.LT«CONST1) GO TO 4%

214% IF(X4elLEaX1) GO T0 43

215% C

216% HBxTC~25.,0

217% H10Z572.8+40C,417*TE

218% GRZQCE/(H10-HS)

219% GSIGR=EXU/(X4=X]1)

220% GWZGS*{X1/X4)

221% C

222% CX121401-14235X1+40,48%X1%%2

223% CX4Z)e01=1,23%X8+0448%XU%™D

224% GSC1=GS*CX1

225% SWCU-CWXCXY

226% CRATIO=GWC4/GSC1

227* IFUJREF.GT.0O) GO0 TO 22

228% C

229% Cc ASSUMING ORIGINAL FILM COEF. EQUAL ON ROTH SIDES.--GW ON SHELL SIDC
230% Flz2.0

231% F2zl.0

232% C F122,4F221,4HGS-HGW e==F1Z1 4F2=04yHGSODHOWe=~F1=245,F222/3,HG6ST1.5HGW. FOR UAX
233x% RGSZ((GSL/GS)*(TONC/TONX) ) *%l.8

234% RGWZ-((GWU/GWI*({TOND/TONX) } %%] .6

235% UAXZF1#%UAXD%(1.0/(RGS+F2%RGW})

236% Cc

237% IF{GWCU +5TLGSC1) GO TO 17

238% XNTUXZUAX/GWCUX(TONI/TONX)

239% GO TO 1¢

240% C

241% 17 CONTINUE

242% XNTUXZUAX/GSCI%(TOND/TONX)

24 3% CRATIO=GSC1/GWCu

24 4% 18 CONTINUF

24 5% c

246% IF(ABS(1eP=CRATIO)elLTe0e01) GO TO 13
247% IFCUXNTUX*(1.,-CRATIO))WGEL1D4) GO T0 12
24 8% EXPXZEXPU-XNTUX®{1.0=-CRATIO))

249% EFFNXZ(1sN-EXPX)/(1e0-CRATIO®FXPX)

250% 50 TO 14

251% C

252% 12 CONTINUF

253% EFFNXZ0.999

254% GO TO 1u

255% 13 CONTINUFE

256% EFFNXIXNTUX/{1e D+XNTUX)

257%* 14 CONTINUE

258% 22 CONTINUE

259% C

260% C

261x% TEZTOG-EFFNX%(TG=~TA)

262% TIZTA+(EFFNX*CRATIOX(TG~-TA))

263% C

264% HIZ(42.8)1-425,92%X14UD4,6T7TH X} %%2)+CX1%TA
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265%
266%
26 7%
268%
269%
270%
271x%
272%
27 3%
2Thx%
275%
276%
2T7%
278%
279%
280%
281%
282%
283x%
284
285%
286%
287%
288%*
289%
290%
291%
292%
29 3%
29 4%
295%
296%
297
298
299%
300%
301*
302%
303%
304%
3065
306x%
307
308x%
309%
310%
311%
312%
313x%
314
315=%
316%
317x%
318%
319%
320%
321%
322%
323
324
325%
326%
327%
328%
329%
330%
331

4p

41

42

u7

49

43

4y

HSZ (4281 -825.92%XU+40U6TEXY4%EXk2)+CX4%TS
H7Z572+84N.46%TG-0.043%TC

FOGz140yNO HEAT LOSS+--FQG>1.0+8<2.0,% HEAT LOSS
IF(FQE.LE«1.0) FQG=1.0
QG (GWHH5-GS#H1+GR®HTI*FQG
QC=GR*(H7-HB)*(1.0+QC/(QG+QE)*(1.0-FLG))
QAZ(GW*H5~GS*¥HLI+GR*HID ) *(10+0G/(QG+QE)*(1.0~-FQG))
COP=QE/QG

IF(JREF.GT.0) GO TO 60

TC12=TC1+0QA/GC
TAX=TC1-(TC1-TC12)/EFFN(u)

CONTINUE
IFCTCLLESTA) TAXZTC
IFUABS(TAX~TA).LT.0.000C1) 60 T0 41

IF(KTALEQ.5D) GO T0O 41
TAZ(TAX+TA)I%0,.5
KTAZKTA+]

GO TO 15

CONTINUE

IF(ABSICOPX~-COP}.LT.0.00001) GO TO 42
IF(KCOP.EQ.50) GO TOK2
COPXZ{({COPX+COP)*D .5

KCOPZ-KCOP+1

GO T0 16

CONTINUE

X(Y)=TE2-TE
X(2)=TA-TC12
X{3)=TC-TC2
X(4)=TH2-TG
Y{(1)=ACONST
Y(2)ZBCONST
Y(3)=CCONST
Y(4)ZDCONST

DO &7 I=-1l,4

TFUXCTI) ol ToaY(I)eANDKTONXJEQLL) GO TO 60
IF(X(TI)eLTeY(I)) GO TO 45

CONTINUE

IF(X1eGTaCONST1sAND XYoL ToCONSTULANDXUaGTeX1) GO TO 46

CONTINUE

IF(KTONZ-100) 49,43,43
CONTINUE

TONMINZTONX
TONXZ(TONX+TONMAX) %045
ITONXZIFIX(TONX)
TCNX=TONX + DTLIM
KTON2=KTONZ2+1

GO 10 11

CONTINUE

IF(KTON1-100) 44,65,65

CONTINUE

TONMAXZTONX

TONXZ(TONXY+TONMIN)I*0a5

TTONXZIFIX{TONX)

IFCTONSLE O UANDeTONXoLES (TONMIN+1.L)) GO TO 60
IF{TONX.LE.TON) 60 T0 50
TONXZFLOATCITONX)=1.0

TONXZTONX = DTLIM
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332% KTON1=KTON1+]

333 G0 ¢ 11

334% c

335% 46 CONTINUE

336 IF(KTONXoFEQel s ORSTONXLLE «D o0) G0 TO 6C
337% IFCTONJGES-TONX) G0 TO 50

338% C CHECK MAX, STRONG SOLUTION PUMP RATE ~~=wseve-ccror-w
339k GSTO=GSN*TONC

3u0* GSPUMPZGS*TONX

3u1* IF(GSPUMPGT«GSTO) GO TO 43

3u2% C

343 TONZTCONX

344% IFUTEZeLTeTE2SETeOReTESLESTELD) GO TO 48
I45% GO TO 49

3ub% 48 CONTINUE

347% TONZTONX(TEYI-TE2SETI/(TELI-TER)
348% C

349% S0 CONTINUE

350% IF(KTONXeEQelaORTONGLE «DWeO) GO TO 6N
381% TONXZTON

352% KTONX=Z1

353% GO T0 11

354% C

355% 60 CONTINUE

356% 65 TF(UREF GTaDeORKTONX eEQel eOR«KGT 4GE «30) GO 70 66
3I57% KGCZKGC+])

I58% XINC3)IXIN(3)H(TONX-1.0)/TONX

359% GO 70 9

360x% 66 CONTINUE

361% C

362% c

363% Cm-~-- ALL SPEC HEAT = l+ ==-=o----cacoan
364% IF(JREFLEQ.O0) 6O TO 35

365% TONZ=TOND

366% YYZ (1l ~EFFNX%#CRATIO}/ (1ls=EFFNX)
367% XNTUXZALOG(YY)/(1.,~-CRATIO)

368% GHZ QG/(TH1-THZ2)

369% GE= QE/(TE1-TEZ2)

370% IF{JREFLEQ.1) GCZ(QA+QC)I/(TC?2~-TC1)
371% IF(JREF.tQe2) GC=QA/Z(TCL12~-TC1)
372% IF(JREFLEQ.1) TC12zTC1+QA/GC

273% IF{JREFF.LQe2) TC2=TC12+QC/GC

3T4% EFFN{1)S(TH1=-TH2)/{TH1-TG)

375% EFFN(2)=(TC12-TC2)/(TC12~TC)

376% EFFN(3)YZ(TELI=-TE2)/(TEL1-TE)

377 EFFN(4)}=(TC1-TC12)/(TC1-TA)

37Rx% DO 31 K=1,4

379x% XNTUCKI=Z(~1:)%ALOG(Lle-EFFNI(K))
380% 31 CONTINUE

381% C

382% 35 CONTINUFE

183% UAGZXNTU(1)%GH

3I8u4x% UACZXNTU(2)%GC

385% UAEZXNTU(3)*GE

38ex* UAAZXNTULE)%GC

387% UAXZXNTUX*GWC Y

388% C

38 9% AZALOGtI0.0)

390% BZ1558.0/(TE+273415)

391% CZ11.2414F04/{TE+273.15)1%%2

302% PEZEXPIA%(T «€553-E-C))

393% R21555.00/7(TC+273.15)

394% C=11.2481458/(TC+273415)%%2

395% PCZEXPUAX(T7.8553~B=C))

3I96% o

397% OG=QG*CALRTU

398% QCz=QC*CALBTU
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399 QEZQE*CALETU

400% QAZQA%CALBTU

491% H1-H1%CALBTU

yp2% HS5ZHS%*CALBTU

403% HT=HT7%CALRTU

40ux% HE-H8*CALBTU

435% H1D=H1D*CALBTU

406% o

Yo7 TI=T3IXTFTC2+TFTCL
408% TS5=TS*TFTC2+TFTC1
439% C

410% THIZTHIRTFTC2+TFTC1
411% THZZTH2XTFTC2+TFTC1
412% TC1=TC1=TFTC2+TFTC1
413 TCl2=TCl12*TFTC2+TFTC1
414x% TA2=TC12

4 = TC2=TC2*TFTC2+TFTC1
4]l6% TEIZTEL1XTFTC2+TFTC1
417* TE2ZTEZ2*TFTIC2+TFTC1
418x% TE =TE =TFTC2+TFTC1
419% TA =TA *TFTC2+TFTC1
429% TC =TC %*TFTC2+TFTC1
421% TG =TG *TFTC2+TFTC1
422% c

423% UAGZUAG/PDKG

424 UAC=ZUAC/PDKG

425% UAEZUAE/POKG

426% UAAZUAA/PDKG

427 UAXZUAX/PDKG

428=% GH=GH/PDKG

429% GC=GC/PDKG

4 30% GA=GC

431% GE=ZGE/PDKG

432% GR=GR/PDKHG

433% GW=GW/PDKG

434 GS=GS/PDKG

4 35% GSC1=€ESC1/PDKG

u3Iex GWCUZGWCL/PDKG

437% c

438% AQGTZQG*TON

439 QCT=QCETON

4y % QET=TON

4u % QATZQAXTON

44 2% UAGT-UAG%TON

443=% UACTZUAC*®TON

444x% UAETZUAE*TON

4y s% UAATZUAAXTON

446% GHTZGH®TON/BPH/C <9715
44 7% GCT=GC*TON/BPH

Hugx GAT=GCT

Ly 9x% GET=GF2TON/BPH

450 DT12E=TEL1~-TE2

45 1% OT12A=TAZ=-TC1

Us2% DT12C=TC2-TA2

4532 DT126=TH1~-THZ2

45y DTEZ2ZTEZ2-TE

455% OTA2ZTA=TA2

456% NIC2=7C-TC2

4S5 7% DTG2=TH2-TG

458% C

459x% IF(KTAWGE +50eOR«KCOP.GEL50) GO TO 58
460% TF{KTONZ eGE «100+0R«KTON1.GEL100T} 6GC TO 58
461% IF(JUWRITE JEQWT) GO0 TO 59
4p2* GO Y0 433

463 & CONTINUE

464% KERROPZ1

LE65% C




466%
467T%
468%
469%
470%
471%
4y72%
473
474
475%
476%
47 7%
478%
479%
480%
481%
482%
483x%
L3:120
485%
486%
48 7%
488%
489%
490%
491%
492%
49 3%
494x%
495%
496%
49 7%
498%
499=%
500=%
531
502%
503%
S0Ux
S0S%
536%
SO7%
508%
509%
510%
S11%
512%
513%
Slax%
515%
516%
51 7%
518%
519%
520%
521%
522%
823*
524x%
525%
526%
527%
528%
529%
530
531%
532%

30

B2 IF(METRIC«GT«N) WRITE(6,420)
420 FORMAT(1H1,20X,0UTPUT IS IN SI UNITS DEGREES C, KG/HR, CAL * 7/ )
IF(METRICCEQ«D) WRITE(6,421)
421 FORMAT(IH1420Xs*0UTPUT IS IN UesSe CUSTOMARY UNITS - DEGREES Fo GPM
i, BTU * 7 )
IF{KERROR.EQ.1) WRITE(6,431)
431 FORMATU///20X, Yabtxsutdrk ITFRATIONS FAILED TO CONVERGE ok
1%x ¢ )
IF(METRIC.EQe D «ANDe INPUTEQeD) WRITE(6,93) AJREF(JREF)
IF(METRIC.6Te0l «AND. INPUTLEQ.3J) WRITE(6,193) AJREF(JREF)
IFUINPUTL,EQ.0) WRITE(6,94) (XIN(I),I=1,10),TONO,JREF,INPUT
IFCINPUT.EQ.O) GO TO 57
JOUuT=1
TF(JTE2.G6T.0) JouUT=3
IF(METRIC.GT«C) WRITE(6,195) AJTE2(JOUT) ,AJTEZ2(JOUT+1)

IF(METRIC.EQ.l) WRITE(H,95) AJTE2(JOUT) LAJTEZ(JOUT+1)

IFIJTE2.EQ.O)
INRITE(6,98) KTAKCOP,KTON2 JKTONL, (XIN(I)oIT1y6)9TONXyXINIT)HINPUT

IFUJTE2,GTD) WRITE(6,98) KTA,KCOP,KTONZ,KTONI XINCL},XIN(2},
1 XINE3) ,TH2SAVXIN{S),,TE2SAV,TONX,XIN(7),INPUT
57 CONTINUE

WRITE(6,403)
WRITEC6 ,402) X14X4y4CX1yCXU4GRyGSyGWyGSCL,GWCU,EXPX,CRATIO,UAX

WRITE(6,4N7)

WRITE(6,402) TA,T5,T3,TGsH14HSyHT,HBsH10,XNTUXEFFNX,COP
WRITE(6,406)

WRITE(6,405) GE,TEL s TE2,TE s XNTU(3),EFFNU3),PE,UAE,QE,GET  UAE

XT,QET

WRITE(6,4028) GA,L,TC1 2 TR2 ,TA o XNTULH) ,EFFN(L),PE,UAA,QA,GATyUAA
XT,QAT

WRITE(6,401) GC,TA2,TC2,TC s XNTUL2) 4EFFN(2),PC,UAC,0C,GCT,UACT,Q
XCT

WRITE(&,400) GH,TH1 s TH2 476 s XNTUCLYEFFN(1)4PCoUAGYQGGHT yUAG
XT,QGT

4CC FORMAT(IX,4HG~-=-,TF10.3,5E1C.377)

401 FORMATU1IX,4HC~~-,7F10e3,5E10637)

402 FORMATU]IX yUHX=-=-412F10e3/)

403 FORMAT(5X,120H X1 X4 cXx1 cxu GR
X GS, Gu GSC1 SWCH EXPX CRATIO UAX
X

404 FORMAT(1IX UHA=-=~,T7F10.3,5E10.3/)

405 FORMATUIX 4HE=-==47F10e3,5E10.3/1)

4C6 FORMATISX,120H G T1 T2 T NTU
X EFFN P ua Q GT UAT o7
X )

4C7 FORMAT(SX,120H TA T5 T3 TG H1
X H5 H7 HE H1C NTUX EFFNX cgopP
X )

WRITE(6,96)
WRITE(6,97) DT12¢,DTE2,YE2,DT12A,DTA2,TAZ,DT12C,0T7C2,TC2,DT12G,4DTG
X2 ,THZ

93 FORMAT(LIOX e *THZ-F " y5XsA3y*=F*ySXy "TE2-F ' ,SX,*THI-F*,5X,*TC1-F"*,
1 S5Xy"TEL1=F "y 5Xy"TG=F*"y6Xy *TC-F*,6X, "TA~F*,6X, "TE-F*,4X,"TON-PEF",
2 5X3"JREF*45X,'NO."* )

193 FORMATUIOX, "THZ2~C®ySXyA3,*=C*yOX,*TE2~C*"y5Xy*TH1-C*,5X,°'TC1-C"*,
1 BXy"TELI=C"y5Xy"TG=C* 46Xy "TC-C"y6Xy ' TA~C 46X, " TE-C",4X,"TON-REF*,
2 SX4'JREF",5X,"NO." )

4 FORMATISX,11F1043,110,3%X,13/7)

95 FORMAT(1IUX, *KTA KCOP KTONZ KTON1 GHT -GPM GCT-GP
14 GET~GPM® ,SX,A3,"~F TCl-F*,5X,A3,'-F TON-CAL TON-START
2 NOO* )
195 FORMAT( 10X, *KTA KCOP KTON2 KTON1 GHT -KPH GCT-KP
1H GET=-KPH®, 5X4,A3,°*~-C TC1-C*45%X,A3,*-C TON-CAL TON-START
2 NOW' )
G& FORMAT(SX,12CH DT12E DYEZ2 TE2 DT124A DTAZ



§33%
S34x%x
535x%
536%
537%
538%
539%
S40x*
541%
S42%
S4 3%
S4u%
SY Sk
S46%x
S547%
S548%
S49%
550 %
551%
552%
55 3%
SS4%x
555%
556%
55 7#
558%
§59%
S560%
561%
562%
56 3%
56 4%
565%
566%
S67%
568%
S569%
STO%
571%
572%

°7
98

59

61

3c1

999

601 FORMAT{1X,110HTHE FOLLOWING ARE KNOWN TON VS CALCULATFD FOR
THZ2, TEZ2,TC1l ARE KNOWN
602 FORMATULIX,61UX32FBe2)/ /U1IX,6(UX,2FB8e2))7)
602 FORMAT(1X,6(I4,2F6.2)/ /(1X,6(14,2F8.2))17)

X TA2 DT12C DTC2 TC2
X )

FORMAT(IX 4 HTEMP,12F10432/7/7)
FORMATISX 8 (1842X)y8F 10634 3X,137/}

CONTINUE
IF(JUREF.GT.0)} GO 10 7

CONTINUE

TONGVN(INPUT)=XIN(T)
TONCAL ¢ INPUT)IZTON
INPUT=Z1+INPUT
GH=XINC(1)
GC=XIN(2)
GE-GESAV
THI=XIN(4)
TAI=XIN(5)
TEI=XIN(G6)
TONXZXIN(T)
TE2=TFE2SAV
TH2=TH2S AV
IF(LVAR.EOQ.O) GO TO 990
DO 301 I=1,10
XINRSVITI)I=XIN(I)
CONTINUE
TC2zTC2RSV
TA2=TA2RSYV

G0 T0 300
CONTINUE
WRITE(6,601)

DT126

WRITE(6,6M2) (TONGVN (M), TONCAL (M) ,M=1,160)
WRITE(6,602) (M, TONGVNI(M) ,TONCAL(M),¥Z1,160)

1 MODEL C1lH/DS=-ARS1

STOP
END

D762

TH2

TRANE
}
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Xe==
X—mm
[
Aveo
Come
[
TEMP
X
New=
E-=-
Aeoe
Comm
[
TEMP
Xeme
Xemw=
E-—-
fp—
Come
G-
TEMP

32

TH2-F
233,300

X1
+587

Ta
105.000
[}
1199.983
1573.675
15734675
415.964

DT12E
13.330

KTA
18

X1
«588

Ta
130.341
G
1147.870
1520.048
1523 .048
4C2.002

nT12€
1D0.454

KTR
18

x1
585

TA
994670
G
1187.279
1572.235
1572.235
415.804

bT12E
13.127

QUTPUT

Ta2-F
95.002

X4
. 643

5
135.001

T1
S4.000

85.C0)

95,000

270.C00

DTE2
4.003

QUTPUT IS IN UlSs.

KCCP
18

X4
651

T5
129.187

Tl
50,428

80,002

9J).157

273,473

riez
4.182

KCoP
17

x4
645

¥5
128,275

T
50.081

80.000

89.822

265.G96

DTE2
4.043

IS IN UsSe CUSTOMARY UNITS - DEGREES F, GPHMs BTU
TEZ~F TH1=-F TC1~F JE1-F TG~F
44.0ND 270.0C0 85,000 S4.,000 210.G00
cx1 Cxu 6% GSs GW

453 420 12.007 145.916 133.9C9
L] T6 H1 H5 H7
168,705 210.000 =-195.,964 ~—158,932 2445.978
T2 T NTY EFFN P
44.000 40.000 1.253 «T14 60234
95.00D iN5.30) 2693 «S0C 60234
1r3.198 112.000 «658 «482 69.925
220.000 210.99) 1.099 o667 694925
TE2 DT124A DTA2 TAZ orT12C
44,000 10.53) 1D.3237 95.000 84198
CUSTOMARY UNITS = DEGREES F, GPM, BTU
KTON2 KTON1 GHT=GPM GCT-GPM GET-GPM
a 9 150.002 553.000 417.6"0
cxl1 [ ) GP GS GW
«453 413 11.978 1234773 111,794
T3 76 H1 HS H7
166,358 2r9.364 =-2004533 =~161.478 2485.,731
T2 T NTU EFFN P
39.974 25.792 1.253 o714 5.276
90,157 1N0.341 0692 499 54276
98.656 107,804 «657 482 614929
229,779 2n9. 364 1.096 <666 61.529
TE? oriza DTA2 TA2 oT12¢C
39,974 10157 1C.184 90.157 8.499
OUTPUT IS IN UeSe CUSTOMARY UNITS - DEGREES F, GPM, BTU
KTONZ KTONT GHT-GPM GCT-GPM GET=GPM
2 2 150.400 553 .000 417.6"70
cx1 X4 6P GS (1]
455 418 11.966 128.3u7 116.381
T3 TG H1 HS HT
164,246 2064075 -201.447 =-163.724 24424486
12 T NTU EFFN P
39.974 35,931 1,253 «T1lu 5.306
89.822 99.67C 692 2499 5.306
98,027 1064859 «657 482 6LUe279
2254793 206.075 1.0%¢ + 666 60.239
Tez DYiza 0TA2 TA2 oT12C
39.974 9.822 9.848 89.822 8.205

TC-F
112.,00C

GSC1
66161

HEe
77.162

ua
»150+04

+109+04
L108404
L457413

pTCc2
8.832

TH1-F
272.470

GSC1
56405

HE
67.512

ua
sl4uenNy

. 105424
«999+03
cll]1+03

0TC2
9. 145

TH1-F
265.096

GST1
58,338

H&
65.827

ua
L149+00

«109+04
«123+4D4
«456+03

DTC2
8.8%2

TA-F
105.000

GWCH
56.197

H1D
2280.403
Q
+120+05
«157+05
»129405
«166+05

TC2
103.198

TC1-F
80 .1000

GWCu
46187

H1C
22764534
Q
«12N+CS
«154405
«129+05
«1644+05

TCc?
98.656

TC1-F
8C.N0C

GuWCu
48,422

H10
2276.662
Q
«120+05
+154+05
«1209405
«163+05

TC2
98.027

TE-F
40.000

ExXPX
«000

NTUX
2.122

GT
sH18+03

»548+03

+548+403

«148+03

07126
40.00C

TEL1-F
5C.u28

EXPX
«671

NTUX
2.261

[ch
U 1R +D3

«553403

«553+03

«150+03

nT126
40,691

TE1=-F
5C.081

ExPX
«684

NTUX
2236

GT
«l18+N3

«553+03

«553+03

+150+03

DTiz26
39.323

TON-REF

174,0M0

CRATIO
«849

EFFNX
o714

yaAT
2262+C6

«190+06

«18N+06

« 795405

0762
20.C00

TON-CAL
161.902

CRATIC
823

EFFNX
« 738

uat
«262+06

«191+1 6

2182406

«BL2+0S

orR2
20,415

TON-CAL
175.8¢64

CRATIOC
« 83

EFFNX
«731

UAT
+262+T6

+191406

«182+06

«8024+05

DT&2
19.718

Case
2 1]

JREF
uax
119,237

cop
«721

[:2¢
«174403

«274+37
224407
«290+07

THZ
230.00C

TON=START Case
181.0C0 1

Uax
1044353

Cur
« T34

oT
«1R2403

271407
n 235407
«29E+0 7

TH2
229.779

TON-START Case
172.000 2

Uax
108.254

ccp
e 734

[ ¢
«1764r3

«272407
2227407
+287+07

TH2
225.793



Sample 2: LiBr—HzO Single-Stage Absorption Machine Used as a Subroutine in TRNSYS

1%
2%
Zk
4%
S%
6%
T*
8%
Q%
15%
11+
12%
13%
1ux
15%
lex
17%
18%
19%
2%
21%
22%
23%
24%
25%
26%
27T%
28%
29%
30%
31
32%
33%
34 %
35%
36%
37%
38%
39%
4%
ulx%
2%
43%
4%
45%
46%
47%
48%
49%
50%
51%
52%
53%
S54%
55%
S56%
ST*
58%
59%
6%
61%
62%
& 3%
54 %
65%

SUBROUTINE TYPEL17(TIMF  XIN,OUT,T,DTNDT,PAR)
CCMMON /PR2/ TIMETZ,TFINAL,LDELT
C USE THIS TO FVALUATE OUTPUT OF AN ABSORPTION MACHINE WITH FIXED --UA--—-
C ALL WATER SPECIFIC HEAT ¢ DENSITY ASSUMED TO BE --1.C-- EXCEPT HOT WATER
DIMENSION PAR({1J),,XINCIZ),O0UT(1D)
DIMENSION X(&),Y(O6Y,CINC3) yXNTUCG)EFFN{G6)PFR(5)
C .
C-—-METRICZL,BRITISH UNITS USEDa-==-~-r~-=—— JWRITE=1 WRITE ALL,JJRITE=DO NO WRITE
C KLBHR=.,6PM FOR FLOW INPUT.---~KLBHRZ=-1, LBS/HR INPUT
DATA METRIC/G/4XLBHR/1/,JWRTTE/1/
DATA METRIC/I/+KLBHR/1/,JWRITE/D/
DATA PDKG/ 4536/
DATA TFTC1/32474,TFTC2/1.8/
DATA CALBTU/3.96831/

C CONST1 & CONSTH4 ARF CONCENTRATION LIMITS
DATA CONST1/C.4/7,CONSTU/Te6R/

c A-B-C-D~-CONST ARE LIMITS FOR EVAP., ABSORP.y COND.,& GENERATOR
DATA ACONST/1./,BCONST/1.296/,CCONST/1.423/,DCONST/1.919/
DATA TELO/2.22/4TE2SET/4.83/

[ COP LIMITS ~-HEAT LOSS FACTOR

DATA COPHI/Ce93/,4,COPLO/C.60L/4FQG/Y01/

EFFNX=-3.71428 FOR T75=135 F EFFNXZ(TG-TS5)¥/tTG~-TAY

DATA FFFNX/Te7142R/

(2}

sl aNaN el

INPUTZ]
99C CONTINUE
H1=C.
H5ZC.
H7=Ce
HB8=C.

H10=3.

cC  ---—-—-- UA VALUES ARE PER TON BASIS--------
UAG=456.981%PDKG
UACZ1011.869%PDKG
UAEZ1503.294%PDKG
UAAZ1102.8%PDKG
UAXZ=118.929%PDKG
UAXD=118.929%PDKG
6SJ=-144.,077%PDKG
CWC=121.323%PDKG
GHOZ150.786%5004%0 4975
GEU-Ul7.600 #%50D0.
6CGL=553.674%500.
TONCZ174 .

sNalaNel

PER €1)=UAG
PER(2)¥ZUAC
PFRE3IZUAE
PER (4)ZUAA
PARR (S)IZUAX

JREFZ=L

7 CCNTINUE
TONXZXIN(71/12000.
TONREF=TONO*GW5
TONMINZTONO*Cal
TONMAYZTONO#*1,.2
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66% C

67% [of KLRHR=5,6PM GPM INPUT.--KLBHR-1,8PH INPUT FOR FLOW RATE
66% BPHIS5T0.O

69% IF(KLBHR.GT.U) BPH=Z1.0C

105% C

71 9 COkTINUE

T2% C

T2% c  -=--—- FLOW RATES ARE PER TON BASIS  —--==——-
4% C PER TON BASIS

75% TONZ1eu

T76% KTONIZL

TT* KTONZ2Z=(

7% KTONX=-1

719 XUzZCab67

8% X1=CT.ul

81x% C S --IS A CONTROL COST«~-S=0s OUTZINLET~~S=1 OUT CALCULATED
82% Stlil.C

83% 11 CONTINUE

4% GS=GSh

B5% KCOFZ=3

36% 16 CONTINUE

87* IF(COPXeLE+COPLOOR.COPX.GE.COPHI)Y COPXZ(Ca722
8&% C

89x C

9C% GH=XIN(1)Y/TONX%PDKG*BPH*G.975

91 GCZXIN(2)/TONX%*PDKG*RPH

Q2% GEZXINC2)Y/TONX%PDKG*BPH

S 3% THIZ(XINCG¥-TFTC11/TFTC2

Q4% TCIZ(XIN(S)Y-TFTC1I/TFTCZ

95 % TEI=Z(XIN(6)}Y~-TFTC1}/TFTC2

S6x QE=3C223.9573

97 % TC€12=7C1

98 TG=TH1

9G% Ta=TC1

1GC* TC=TC1

1T1% FTEZTE2

1u2* T3I=TA

103% T5=T6

104% DO 6 1=1,7

155% IFCXINCATI) LED.CO21)  S=Gaels

156% & CCONTINUE

1IC7% IF(SelEeT3.2501) GO TO 5

18 C

v s ¥ C ASSUME TUBE SIDE WATER FILM COEF. IS CONTROLLING
110=% GHLIZ(XIN(1}Y/GHU}*%D.8

111% GCI=(XIN(2)Y/6CJu)*¥Da8

112% GEIZ(XIN(3}/GEC)**D.8

113% C

114= o} JOTAL BASIS IN METRIC UNITS

118% GINCI)ZGH/GHIXTONX

116% GIN(2)Y=GC/GC1%TONX

117% GIN(3)Y=GE/GE I*TONX

118% [o

119% DO 1C 12144

120% IF(GIN(I)LELCL.CUY) GO0 T0 8

121% XNTU(TI=ZPBRUUIMGIN(TI)%1.0%TONT

122% IF(I.FQati) XNTUCI)I=PBRCII/GIN(Z2)}*TOND
123% IF(XNTUC(I).CE.1TW) GO TO 8

124% EFFN(T)C1J-EXPE-XNTU(I))

125% G0 TO 1T

126% & CONTINUE

127% EFFNIT)IZU.999

128% 13 CONTINUE

129% C

13C% C

131=* 5 CCNTINUE

132% IF(TIME W LETIMEDNWORCTE1SLESLTEZ2SET)Y TE1-TE2SET
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%
H

133%
134%
135%
136%
137%
138%
139%
140%
141%
142%
143
144
145%
146%
147%
148%
149x%
15C%
151%
152%
15 3%
154%
155%
156%
157%
158%
159%
l160%
lel%
162%
163%
lebx
165%
166%
le7*
168%
169%
170%
171%
172%
173%
174%
175%
176%
177%
178%
179%¢
180%
181=%
182%
18 3%
184%
185=%
186%
187%
188x%
1893%
190%
191=%
192x%
193%
194x
165%
196»
197%
198%
199%

15

ASSUMING ORIGINAL FILM COEF,

IFCTE1.LELTE2SETY S=7.0
TE2-TF1-QE/GE=*S
THZOTH1-(QE/COPX)/GH%S
FCZZTC14€1.3+10/COPXYS*QE/GCS
IFtS.LE.Z.NGO1) GO T0 &an

TEZTEI-(TEI-TE2)}/ZFFN(3)
TEZTH1-(TH1-TH2Y/EFFN (1)

ASSUMFD A VALUE FOR TaA

TA2ZH(TC1+TC2)%0.5
TAZTCI-(TC1-TAZ)/EFFN(4)
KTAZC

CONTINUE

IF(TA.LEL€TC1+1.3)) GO 70 43

TCZTC2/7EFFNE2Y-(1eC/EFFN(2)-1CIR(TCL1+EFFN(U4)I*(TA-TC1)])

IFC(TC.LE.TA)Y GO TO 40
IF(TE.GE.TA) GO TO 41
IF(TC.GE.TG) GO TO 41

X1Z€U9,00+1,125%TA-TE)/(134,.,65+2,47%TA)
XEZ (4G ,04+]1,125%TG-TC)/(138.€65+43.,47%7G)
IF(X1eLTLCONST1) GO TO 45
IF(X4.LE.X1} GO TO 43

HEZTC-25.0
H10T572.8+40.,417%TE
GRZQE/(H1D-HE)
GSIGR¥XU4/ (XU4-X1)
GW=GS*(X1/X4)

CX1Z1401-1.23%X1+DUB%XY%%2
CXUOle01-1e23%XU+0,48%XY%%x2
GSC1zGS*CX1

GWCUZGWHCXY
CRATIO=GKCHY4/6SC1

Fl1=2.0
F2=1.0

EQUAL ON BOTH SIDES.--GW ON

SHELL STDE

F1-2 4F2Z14HGSTHOWa~=F 121 4F 20 4HGSODHGCW e~~F122.5,F2=2/34HGS=1.5HGW. FOR UAX

17

18

12

13

1y

RCSTHU(GS_/GSI*(TOND/TONX) ) %%0 48
RGWZ((GWI/GUWIRX(TONTD/TONX) ) #%5.6
UAXZFI1xUAXO*(1.0/(RGS+F2%RGW))

IF (GWCU .GT.GSC1) GO T0 17
XMTUXTUAX/GWCUX(TONOD/TONX)
GC TO 1°¢

CONTINUE
XNTUXZUAX/GSCI¥(TONN/TONX)
CRATIO=-GSC1/GuWCH

CONTINUFE

IF(ABS(1.0-CRATIO}.LT.L.31) GO TO 13
IFCOXNTUX% (1. -CRATIC))GEL1ITS) 20 70 12
EYPXZEXP{-XNTUX%(1.N-CRATIO))
EFFNXZ(1e3-EXPX3}/(1a0-CRATIOXEXPX}

GO TO 14

CONTINUF

EFFNX=L.999

G0 70 14

CONTINUE
EFFNXSXNTUX/(1«T+XNTUX)
CONTINUE
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230%
231=*
2L2%
20 3%
204%
235%
206%
2L7%
228%
209%
210%
211%
212%
213%
214%
215%
216%
217%
218=%
2192
22C*
221%
222%
223%
224%
225%
226%
227%
228%
229%
230%
231%*
232%
233%
234%
235%
236%
237*
238x%
239%
24 C*
24 1%
242%
24 3%
244%
245 %
246%
24 7%
248%
2u9%
25C*
251%
252%
25 3%
2543%
255%
25 6%
257%
258%
259%
260%
261
262%
26 3%
2ol %
205%
26e%

36

o0

43

41

47

s

49

43

uy

TS TG-EFFNX*(TG-TA)
TIZTA+(EFFNX®CRATIOX(TG-TA))

HI1Z(42.81-425,92%X1+408,67%X1%*2)+CX1%*TA
HS5Z (U2.81-425,92%XU+408.67*Xu%%2)}+CX4%XTS
H7=572.8+0.46%TG-0,043%TC

FOGZ1e0,NG HEAT LOSSe—=FQG>140uy6<2.0+% HEAT LOSS
IF(FOQG.LE.149) FQGT1.D
QG- (GW#HS -GS*H1+GR*HT 1%FQG
QC=GR¥(H7-H8)%(1.,0+06/(06+QF »*(1.0-FQG))
QA {GW#H5 -GS*H1+GR#*H1C}#(1.7+QG/(QG+QE)*(1.2-FQG})
COPZ=QE/0G

TC12=TC1+QA/GC
IFUTC12.GE.TC2) TC1Z=TC1+1.0
TAXZTCY-(TCI-TC12Y/FFFNEu)

CONTINUE

IF(TC.LE.TA}Y TAX=TC
IF(ABS(TAX-TA}.LT.0.CCTC1) GO TO 41
IF({KTALEQ.52) GO TO 81
TAZ(TAX*+TA)Y*0.5

KTAZKTA+1

GO TO 15

CONTINUE

IF(ARS(COPX-COP)Y.LT.L.L0001Y GO YO 42
IF(KCOPLEQ.5C) GO Touz
COPXZ(COPX+COP}*¥J.5

KCOPZKCOP+1

GC TO0 16

CONTINUE

X{1)=TEZ2-TE
X{2)=TA-TC12
X(31zTC-TC2
Xty }=THZ2-TG
Y{(1)ZACONST
Y(2)Y-RCONST
Y¢3)=CCONST
Y (4 )ZPCONST

DO 47 IZ1,4
IF(X(T) oL ToaY(T)oAND.KTONXWED.1) GO TO 6L
IF(XCIYoLTeY(I)) GO TO 45

CONTINUE
IF(X1aGT.CONSTI AND X4 LT.CONSTUH.AND . XG.6TaX1} GO
CONTTINUE

IF(KTCON2-102) 49,434,843

CONTINUE

TONMINZTONX
TONXZ(TONX+TONMAX) ¥ S
ITONXZIFIX{TONX)
TONXZFLOAT(ITONXD}+1.3
KTONZ2ZKTONZ+1

GO TO0 11

CONTINUE

IF(KTONTI=-13C) U450 ,C7
CONTINUE

TONMAXZTONX
TONXZ(TONX+TONMINDI =" .5

T0 46



26T*
26 8%
269%
270%
271%
2T72%
273%
274%
275%
276%
277*
278%
279%
280%
281%
282%
283%
284%
285%
286%
287%
288%
289%
290%
291%
292%
29 3%
294%
295%
296%
297%
298%
299*
300%
3C1%
3532%
303%
oy*
3.5%
3C6%
307%
328%
359%
31C*
311=%
312%
313%
3lux
315%
2l6%
31 7=
318%
219
320%
321%
322%
323
24%
325%
326%
327%
328%
329%
33T
331=*
332%
333x%

46

c

48

S0

63

asc

ITONXZIFIX(TONX)

IFCTONGLE ¢ 1 0o AND.TONX.LE. (TONMIN+1.3)) GO TO 5C
IF(TONX.LE.TON} GO 10 S0
TONX=FLOAT(ITONX)-1.0

KTON1=KTONle]

GO TO 11

CONTINUE

IF(KTONX.EQelaORTONX L ELD) GO Y0 60
IF(TONL.GE.TONX} 60 T0 SC

HECK MAX., STRONG SOLUTION PUMP RATE ----m-----m——--—--
GSTC=GSC*TOND

GSPUMP=GS*TONX

IF(GSPUMP.GT.GSTO} GO T0 43

TONZ-TONX

IF(TE2.LTTE2SETOR.TELLE.TELO} GO TO 48
G0 70 49

CONTINUE

TON-TON*(TE1-TE2SET)I/(TE1-TE2}

CONTINUE

IFCKTONX.EQel) 60 T0 60U
TONX=TON

IF(TON.LE <1 .0G) S=0.0

KTONXZ=1

GO TO0 11

CONTINUE

ALL SPEC HEAT = 1. —===--=---—-----
UAGTXNTU (1) %GH
UAC=XNTU(2) #G6C
UAE =XNMTU(3) #GE
UAAZXNTU (4 ) %GC

AZALOG(131.0?}
BI1S5ER.O/¢TF+272.15)
CZ11.2814E4/(TE+273.15)%%2
PEZEXP(A%Xt7.8553-B~-C})
BZ1555.0/tTC+273.15)
CZ11.2414E4/7€TC+273415)%%?
PCEXP(A%(7.8553-3-C))

COCNTINUE
QG=QG*CALBTU
QC-QC*CALBTU
QEZQE=*CALBTU
QAZQA®CALBTU
HIZH1*CALBTU
HE-HL*CALBTU
H7-H7%*CALBTU
HBZH8*CALBTU
HIG=ZHI10*CALBTU

T22T3xTFTC2+TFTC1
TSzTS5*TFTC2+TFTC1

THIZTHI*=TFTC2+TFTC1]
TH2=TH2%*TFTC2+TFTC1
TCI=TCI*TFTC2+TFTC1
TC12=TC12#TFTCZ2+TFIC1
TrR2=TC12
TC2=TCZ*TFTC2+TFTC1
TFIZTELI=TFTC2+TFTC1
TFOoCTE2*TFTCZ2+TFTC1
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334
335%
336»
337¥
338%
339%
340C*
341%
342%
34 3%
344
345%
346%
347
34gx
349%
350%
351%
352%
353%
354x%
355%
356%
357%
358%
359%
36C%
361%
I62*
363%
364%
365%
366%
367%
368%
369%
37C*
371%
372%
373%
374%
375=%
276%
377%
378%
379*
380=%
381%
282%
383*
38u4%
385%
386%
387x%
388%
389%
390%
391=%
392=%
393%
394 %
395 %
396%
397%
398%
399%
450

38

T =TE
TA -TA
TIC -TC
TG =716

*TFTC2+TFTC1
*TFTC2+TFTCY
*TFTC2+TFTC1
*TFTC2+TFTL}

UAGZUAG/PDKG
UACZUAC/PDKG
UAE-UAE/PDKG
UAAZUAA/PDKG
UAXZUAX/PDKG
GH=GH/PDKG
GC=GC/PDKG
GA=GC
GEZGE/PDKG
GR-GR/PDKGx*S
GW=GW/PDKG*S
GS=GS/PDKG*S
6SC1=6GSC1/PDK
GWCU=GWCU/PDK

QCTZQG*TON%XS
QCT-O0C*TON*S
QET=TON
OAT=OAXTON%S
UAGTZUAG*TON
UACTZUAC*TON
UAET=UAE*TON
UAATZUAAXTON
GHT=GH*TQN/RP
GCT=GCx*xTON/BP
GAT=GCT
GETZCGE*TON/BP
DTIZE=ZTEL-TF2
DTIZ2AZTA2R-TC]
0T12C=TC2-TA2
DT12G=TH]1~-THZ
DTE2=TEZ2~TE
DTAZ=TA-TA2
DTIC2=TC-TC2
DTG2=THZ~TG

IF(JUNRITE .EQ.

IFCAMOD(TIME 41.,000) .GT.DELT)

WPITE(6,495)
TONXINZXIN(7Y
XIN(7IZTONXIN

G*S
G*S

H/0.975
H

H

0y 60 1O S9

/712000,

60 T0 500

WRITE(6+498) KTAKCOP,KTON?2 JKTONT 4 (XINCI) 311,61 ,TONX XIN(T} ,INPUT

XINCTI=TONXIN
WRITE(6,403)

WRITE(O644G2) X14X84CX14CXU4GRIGSyGWoGSC1,GWCH EXPXyCRATID,UAX

WRITE(E6,407)
WRITE(6,4021)
WRITE(6,406)

TA3T5 9 T34 TGeH1 ¢HS yHT4HB,HID s XNTUX,EFFNX,COP

WRITE (S
XT.QFT
WRITE (6
XT,QAT
WRITE €6
XCT
WPITEL(O
XT,QGT

2405) GELTE1

240U) GA,LTC1

243015 GC.TAZZTCZ,TC

y400) GH,TH1

W XNTU(3)4EFFN(3),PE,UAE QS 4GE T4 UAE
o XNTUCU) ,EFFN(4) ,PE,UAAQQA,GAT,UAA
s XNTUC2) 4EFFNI{2) 4PC,UAC,QCsGCT4UACT,2

s XNTUCL Y FFFN(1) ,PCyUAG,Q54GHTZUAG

400 FORMAT(1X 4HG---,7F10e3,561343771)
491 FORMAT(IX,4HC---,T7F18.3,5€10.37)

402 FORMAT(IX 4HX~~-412F1Ce3/)

403 FORMAT(5X,120H

X GS

GW

X4 CX1 oo ¢} GR
GWCH EXPX CRATIO UAX



-uww@'

401%
(2%
433%
4oy x%
455%
4,6%
47
4LB*
459%
410%
411=*
412%
413%
g1y
415%
416x%
417%
418=%
419%
420%
421%
422%
423%
424%
425%
426%
427%
y2g*»
429%
43C*»
43]1%
432%
§33%
434%
U435%
436%
437%
438%
439%
44 0%

X )
404 FORMAT(IX y4HA~——37F10.,3,5610.3/}
405 FORMAT(1X44HE—=—=,7F10«3,5FE15.3/)

436 FORMATI(S5X,173H G T1 T2 T NTU
X EFFN P UA Q GV UAT oT
X }

407 FORMAT(5X,120H TA TS5 T3 176 H1
X HS5 H7 H8 H10 NTUX EFFNX cop
X ¥

WRITE(6,96)
WRITE(6,97) DT12E,DTE2,TE2,0T12A,DTA2,TA2,DT12C,DTC2,TC2,0T7126,DTG

X24THZ2

95 FORMAT(5X4127H KTa KCoP KTON2 KTON1 GHT-GPM
X GCT-GPM GET-GPM TH1-F TC1-~F TE1-F TON-CAL TON-ST
XART NO. )

96 FORMAT(5X,12CH DT12F D1E2 TE2 DT124A DTA2
X TAZ2 bDTi2C pIC2 TC2 DT126 DTG2 TH2
X )

97 FORMAT(1X 4HTEMP,12F10.3/7/)
98 FORMAT(SX g4 (I842X)4BF10.3¢3X,137})
99 FORMAT(7F10.1)

59 CONTINUE

5C3 CONTINUE
QUT(1)=THZ2
OUT(2)=XINC1)
OUT (3)=TON*OE
OUT (4)=TH2
OUT(5)=0GT
ouUT(6ZTE2
QUTILT7I=XINCE3)
outT(81=7C2
QUT(9I=XIN(3}
OUT (12)=TON%QE

INPUTZ1+INPUT
RFTURN

sSToP

END
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1A = Product of overall heat-transfer coefficient

and its surface area.
IJQE =1 TON; QET = Total (not shown with total fiows,

heats, and UA's),

Figure 1. - Flow diagram of single-stage LiBr-H,0 absorption unit.
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